. Nanotube structure-dependent defect photoluminescence. The excitation-emission maps of (a), (6, 5) The emission spectra were taken at 565 nm and the peak intensity was normalized by the peak intensity of the defect PL. Note that the asterisked (*) sidebands may be due to trapped trions Table S1 . Alkyl/aryl halides used in this study and their defect photoluminescence. Figure S10 . Bond lengths of (6,5)-SWCNT›CH2. C-C bond length around the ›CH2 defect is slightly longer than that in the pristine SWCNT (1.42 Å). The circumferential C-C bond at the defect site is increased to 2.17 Å and thus is broken to adopt an opened three-membered ring. 
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Time-Dependent DFT Calculations
The electronically excited states can be described in terms of excitation amplitudes based on a set of ground state orbitals. For example, in the time-dependent density functional theorybased approach, [2] [3] [4] [5] [6] [7] [8] [9] [10] the excited states are derived from density functional theory ground states. Here the random phase approximation expands the reference states to the many electron space consisting of all single particle-hole excitations. The end result of such a calculation is an excitation energy and a set of coefficients (excitation amplitudes) describing the contribution that each electron-hole pair makes to the excited state.
Here we focus on the absorption spectra of two aryl-based functionalizations of (6,5)-SWCNT. The functionalization patterns ( Figure S13 left panel) are chosen to be generally relevant to the functionalization discussed in this work. For this task, we employed the asymptotically corrected wB97XD functional of Chai and Head-Gordon, 11 which has a 100% fraction of the HF exchange at long-range and about 22% at short-range and incorporates empirical dispersion corrections. The STO-3G basis set was used in the TD-DFT calculations. The lowest 44 excited-state transition energies and their respective oscillator strengths were computed. The absorption spectra were further simulated using a Gaussian line shape with empirical line-broadening parameters to mimic various broadening effects occurring under experimental conditions.
The incorporation of aryl groups leads to brightening of the lowest energy exciton a (Figure S13 right panel) that is optically dark for the pristine (6,5)-SWCNT. The red-shifts of the lowest state upon covalent functionalization, as well as brightening of this transition observed in simulated absorption spectrum could be associated with the experimentally observed E11 -peaks in PL spectra. The E11 peak in the absorption spectra of the defect-tailored SWCNTs exhibits a blue shift and is broadened compared to the pristine SWCNT.
Except structure II, the rest of the structures show dominance of ground state HOMO→LUMO transitions contributing to the lowest energy exciton as assigned in Table S3 
